This article deals with the problem of estimation of the population mean in presence of multi-auxiliary information in two occasion rotation sampling. A multivariate exponential ratio type estimator has been proposed to estimate population mean at current (second) occasion using information on p-additional auxiliary variates which are positively correlated to study variates. The theoretical properties of the proposed estimator are investigated along with the discussion of optimum replacement strategies. The worthiness of proposed estimator has been justified by comparing it to well-known recent estimators that exist in the literature of rotation sampling. Theoretical results are justified through empirical investigations and a detailed study has been done by taking different choices of the correlation coefficients. A simulation study has been conducted to show the practicability of the proposed estimator.
Introduction
Longitudinal surveys are correlational research studies that involve repeated observations of the same variables over long periods. Longitudinal studies are often used in psychology to study developmental trends across life spans and in sociology to study generational or lifetime. Longitudinal studies track the same people and the observed differences in people are less likely to be the result of cultural differences across generations. Because of this benefit, longitudinal studies make observing changes more accurate, and they are applied in various other fields. In medicine, the design is used to uncover predictors of certain diseases. In advertising, the design identifies the changes that advertising has produced in the attitudes and behaviors of those within the target audience who have seen the advertising campaign.
Many researchers have taken advantage of longitudinal surveys, refer to Chaturvedi and Tripathi (1983) , Das (1982) , Gupta (1979 ), Jessen (1942 , Patterson (1950) and Rao and Graham (1964) .
Sometimes we sense that different variables are related to the study characteristics that may be helpful to estimate the study characteristics. For example many countries keep track of the population through a total population register that is often used as a sampling frame for individuals or households. The register contains a number of variables (some quantitative and some categorical) that may serve as auxiliary information to identify the human development index. Age and the taxable income of individual are the quantitative auxiliary variables while sex of the individual, marital status and residential specification may be considered as categorical auxiliaries.
Utilizing the auxiliary information on both the occasions Biradar and Singh (2001), Feng and Zou (1997) , Singh (2005) , Singh and Singh (2001), Singh et al. (1991) , Sen (1972 Sen ( , 1973 have successfully added some literature in the field of successive sampling. Singh and Karna (2009), Singh and Prasad (2010) , Singh and Priyanka (2006 , 2007 , 2008 proposed a variety of estimators to estimate the population mean on current (second) occasion in two occasions successive sampling.
The linear regression estimator is more efficient than the ratio estimator except when the regression line y on x passes through the neighborhood of the origin; in this case the efficiencies of the estimators are almost equal. There are also many practical situations when the regression line does not pass through the neighborhood of the origin, in such cases the ratio estimator does not perform as good as the linear regression estimator. The proposed work utilizes multi-auxiliary information available on both occasions and stable overtime. Multi-auxiliary information are blended with exponential type structures and a multivariate exponential ratio type estimator has been proposed to estimate the population mean at the current occasion in two occasion rotation sampling. The properties of the proposed estimator are derived up-to the first order of approximation and optimum replacement strategies are discussed. The properties have been corroborated empirically. The proposed multivariate estimator is compared with recent literature in rotation sampling due to Singh (2005) and Singh and Priyanka (2008) . A simulation study has been conducted to determine the working efficiency of the proposed estimator. It has been observed that the proposed exponential type structure works well even if the auxiliary variables have a low correlation with the study variable.
Sample Structure and Notations
Let U = (U 1 , U 2 , . . . , U N ) be the finite population of N units, which has been sampled over two occasions. We assumed that the size of the population remains unchanged but the values of units change over two occasions. The characters under study have been denoted by x and y on the first and second occasions respectively. It has been assumed that information on p-additional auxiliary variables, z 1 , z 2 , . . . , z p whose population means are known, correlated to x and y, stable over the occasions and readily available on both occasions. Simple random sample (without replacement) of n units is taken on the first occasion. A random subsample of m = nλ units is retained for use on the second (current) occasion. Now at the current occasion a simple random sample (without replacement) of u = (n − m) = nµ units is drawn fresh from the remaining (N − n) units of the population so that the sample size on the second occasion is also n. Let µ and λ (µ + λ = 1; 0 ≤ µ, λ ≤ 1) are the fractions of fresh and matched samples respectively at the second (current) occasion.
Formulation of the Proposed Estimator
To estimate the population meanȲ on the current (second) occasion, utilizing p-additional auxiliary information which is stable over time and readily available on both the occasions, a multivariate weighted estimator T u based on sample of the size u = nµ drawn fresh on the current (second) occasion is proposed as
